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Abstract  
Diesel engine driven generators are rigidly mounted on a welded steel plate structure called the common 
base frame (CBF). Formerly the engine was considered as the only significant sound source but recent 
studies have shown that the sound power radiation from the CBF is almost comparable to the engine. 
Constrained layer damping was selected as a noise control method for the CBF. The dimensions and 
number of the dampers were designed using FEM. The chosen damper configuration was installed on the 
CBF and tested during a standard factory acceptance test. Measured insertion loss was significant but 
lower than expected and the effective frequency range differed from the simulation. The major reason for 
the discrepancies was the deviation of the estimated operational temperature from the actual. Validation of 
the material model also improved the correlation between measurements and simulations. 

1 Introduction 

Diesel engine driven generators are used for electrical energy production in power plant and marine 
industries. The engine and generator are typically rigidly mounted on a welded steel plate structure, called 
a common base frame (CBF). The CBF is connected to the concrete floor of the power plant or to the ship 
hull via vibration isolators, Fig. 1. 
Various excitation mechanisms generate structure-borne sound in the diesel engine structures. The most 
important power transmission paths from the engine to the other parts of the assembly, sound radiation 
from surfaces and sound propagation to the room are illustrated in Fig. 2. 

 
Figure 1: Diesel engine and generator attached to a common base frame (a genset).  
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Figure 2: Principal presentation of the sound generation of the CBF as a part of the genset assembly. 

2 Damper design 

The W9L20 diesel engine generator set-up was chosen as a full scale test object. In this case the CBF is 
manufactured using 12 mm and 35 mm thick steel plates. The radiated sound power level of the CBF is 
about 5 dB lower than the sound power level of the engine. The A-weighted sound power level spectrum 
shows that the dampers ought to be designed to give maximum insertion loss (IL) at 1 kHz and to work 
efficiently from 250 Hz to 3150 Hz. Based on the plate thicknesses and important frequency band it can be 
assumed that calculation of perpendicular mean quadratic velocity level of the surfaces is adequate to 
estimate the IL of the studied damper configurations. The frequency band where the damping of the 
constrained layer damper is at maximum can be adjusted by changing the dimensions of the damper 
construction. Also the shape of the dampers can be varied although in this case a simple flat steel damper 
structure was used. 

2.1 Model 

An imported CAD-model was used as a geometry model of the structure. A reference case was calculated 
using this model and the measured loss factor of the structure. The excitation used was a combination of 
tri-axial point forces situated on the upper surface, at the attachment areas of the engine.  
CBF dimensions are: 5700 mm (length) 1575 mm (width) and 703 mm (height). The number of dampers 
and thickness of the damping material layer were varied to get the combination that works properly at the 
250 – 3150 Hz frequency range. Final damper version dimensions were: width = 60 mm, length = 600, 
650 and 700 mm, constraining layer thickness was 5 mm and epoxy layer thicknesses were 5 and 8 mm. 
Design temperature was 40 degrees centigrade. The elastic epoxy compound material model used was 
defined from DMTA (Dynamic Mechanical Thermal Analysis) results. Abaqus FE program was used to 
calculate the steady-state velocity responses of the structures with the direct frequency response 
calculation method.  
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Figure 3: The CBF model with dampers. 

2.2 Results 

The IL of the side plate, bottom plate, part of the top plate and some stiffener plates (I- & U-plates) were 
calculated using the FEM results of different damper variations. The IL spectrum of the chosen 
construction has a shape that is rather similar to the A-weighted sound power level spectrum of the 
standard CBF (Fig. 4). The total IL estimate of this damper configuration was assumed to be about 6.5 dB. 

 
Figure 4: Simulated IL spectra of different plate areas of the CBF (See Fig. 3. Stiffeners = I-plate & U-

plate) and the measured A-weighted sound power level spectrum.   

The installation of dampers increases the CBF mass by about 2.9 %. The effect of the mass increase on the 
lowest natural frequencies of the free CBF is presented in Table 1. 
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Mode Standard CBF Damped CBF, 40 ºC Damped CBF, 20 ºC 

1st torsional 62.1 Hz 61.404 Hz 61.402 Hz 

1st bending 114.9 Hz 112.93 Hz 112.93 Hz 

Table 1: Calculated natural frequencies of the standard and damped CBF. 

3 Measurements 

The noise radiation of the W9L20 engine CBF with viscoelastic epoxy dampers was measured with the 
engine running on 100 % load and nominal speed 900 rpm. The same measurement was repeated on the 
same type of production series engine with standard CBF. Results from these two measurements were 
compared to investigate the CBF sound power insertion loss. Temperature of the damped CBF during 
measurement was measured.  

3.1 Measurement introduction 

Noise reduction dampers were applied on one of the Cochin 84 W9L20 CBFs on free edges of the internal 
plates to test the noise reduction effectiveness (Fig. 5). 
 

   
Figure 5: Left, W9L20 in engine test cell; Right, examples of dampers applied on W9L20 CBF. 

Measurements were made with the surface sound intensity scanning method. The length of the CBF was 
evenly divided into five parts, which gives 12 segments for scanning in total. Figure 6 shows the division 
of the CBF for sound intensity scanning. 

During the scanning, a 3 mm thick wooden screen cover was selected to use for isolating engine noise 
from measurement results, especially high frequency noise from the turbo-charger. The sound intensity 
probe was calibrated before use, and the Residual p-I index fulfilled the IEC61043 Class 1 requirement for 
the instrument with 12 mm spacer. The results were validated by the engineering class (grade 2) defined 
by ISO 9614-2 with the bias error factor K, between the sound field and residual p-I index, equalling to 10. 
All overload was rejected from measurements. 
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Figure 6: Segments division along the CBF from top/vertical view.  

3.2 Measurement results 

The A-weighted 1/3-octave band sound power level spectra of the damped and the standard CBF are 
plotted up to 3.15 kHz in Fig. 7. 
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Figure 7: A-weighted sound power level spectra of the damped and standard W9L20 CBF. 

The total sound power insertion loss is 3.8 dB in the 100 Hz to 3.15 kHz 1/3-octave bands. Both results 
peak up at the 1 kHz band. IL of segments calculated using the total A-weighted sound power levels are 
plotted in Fig. 8 together with measured operational temperatures. 
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Figure 8: Sound power level insertion loss and temperature for different segments (see Fig. 6), 
100 Hz – 3.15 kHz 1/3-octave bands. 

4 Additional simulations 

Because the calculated IL was significantly higher than the measured result additional simulations were 
performed to find what causes this difference. Studied topics were from the engine to the CBF transmitted 
vibration power, improvement of the source description and the effect of operational temperature. Also the 
effect of the cavity inside the CBF as a secondary transfer path was studied and the used damping material 
model was redefined [1]. 

4.1 Power transmission from the engine to the CBF 

In this case a simplified engine block model was used to illustrate what happens to the power flow from 
the engine to the CBF after the dampers are installed. For a combined structure the transmitted power (P) 
was estimated using equation [2] 

  

,                                                              (1) 

where subscript i refers to a certain degree of freedom. The combined structure contact point velocity (v) 
(i.e. coupled velocity) and receiver (CBF) mechanical mobility (Y) was calculated with and without the 
dampers. Two nodes and all translational degrees of freedom were used to describe each joint. The total 
transmitted power estimate was the sum of these 24 (4 joints x 2 nodes x 3 dof) transmitted power spectra. 
The transmitted power estimates were used to calculate a level difference which is presented in Fig. 9. 
According to this result, increase of power transmission due to the dampers is not a valid explanation to 
the difference of the simulated and measured results. 
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Figure 9: Level difference from the engine to the CBF transmitted power levels without and with dampers.  

The method was utilized using diagonal terms only and without any verification or validation. Partly 
because of this work some effort has been allocated to study the use of coupled velocity based vibration 
power transmission through joints of real structures [3]. 
The possible effect of source characteristics was also illustrated by comparing constant velocity, constant 
force and engine block model as a source description. Side plate velocity levels with and without the 
dampers were calculated using all these sources. According to the IL results presented in Fig. 10, it seems 
that the effect of source type is one possible factor which ought to be included into the damper design 
process. This could be done using measurement based source description or utilizing the combination of 
measurements and simulations [3] or a validated virtual engine model. None of these are available at the 
moment. 
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Figure 10: The effect of the source type to the IL of the side plate. 

As the third phenomenon, power transfer from the engine to the CBF via the cavity inside the CBF was 
studied. The acoustic cavity model was included to the engine block with oil sump and CBF models. The 
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engine block was excited using several tri-axial forces and the CBF side plate velocity spectra were 
calculated with and without the acoustic mesh. No differences were detected. It is a known fact that the 
sound pressure level inside the CBF is much higher than outside near the CBF surface. Because of this 
data it is confirmed that power transfer via surrounding air has no effect to the CBF vibration levels.    

4.2 The effect of operational temperature and damping material model 

As the second topic the effect of operational temperature was studied. The engine model attached to the 
CBF was used to calculate IL spectra at temperatures of 30 and 40 °C using corresponding elastic epoxy 
material models. The results (Fig. 11) of the measured and simulated lower temperature spectra are clearly 
similar in shape. 
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Figure 11: The effect of operational temperature to the IL of the side plate.   

After the full scale tests a new damping material model was introduced using an improved material model 
definition process [1]. With this validated model the correlation between measured and simulated results 
improved significantly as can be seen from Fig. 12. 
According to these results correct damping material model at the right operational temperature is the most 
important factor when dampers are designed. Another fact is that numerical simulations are definitely 
needed for optimal design of the dampers. 
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Figure 12: Measured sound power based IL compared to simulated velocity based IL using improved 

damping material model at 30 °C. 

5 Summary   

Constrained layer dampers were designed and tested to be used as a noise control measure of a CBF. An 
elastic epoxy compound for the expected operational temperature was utilized as a damping material. The 
number and dimensions of the dampers were varied and FE-simulations were used to compare different 
configurations. The used ranking method was based on Insertion Loss (IL) of perpendicular mean 
quadratic square velocity levels of the CBF plate surfaces. The design criterion is to maximize IL at the 
significant frequency band of the CBF radiated A-weighted sound power level spectrum. The simulated 
total IL estimate of the chosen damper configuration was 6.4 dB.  
The sound power levels of one standard and one damped CBF were measured using the sound intensity 
method. Screening of the diesel engine noise was used to improve the validity of the measurements. From 
A-weighted sound power levels calculated total IL was 3.8 dB. The operational mean temperature of CBF 
measurement surfaces was 32 °C, with variation from 24 to 40 °C. IL defined using the side plate velocity 
levels is recommended as a primary validation quantity. 
The measured 3.8 dB IL can be considered as a relatively good result. But because the simulated IL was 
significantly higher some effort was taken to clarify the reasons behind this difference.    
Additional simulation results show that some improvement of the validity of damper design phase is 
expected if a realistic source model is available. This means that neither constant force nor constant 
velocity excitation gives correct results but a validated virtual model of the diesel engine is preferred. Also 
a modelling strategy change is needed, because the solution time of used models was partly over one week 
using a computer with eight processor cores, 48 GB memory and 8 hard disks (Raid0). 
It was a surprise that the design temperature proved to be the upper limit of the operational temperature 
range. According to the additional simulation results the wider than expected operational temperature 
range and that the damping material model was incomplete are the main causes of the lower measured IL. 
It is possible that the operational temperature range varies at different installations. An efficient solution to 
this problem is a combination of two elastic epoxy compounds, one designed for 20 °C and another for 
40 °C. This type damper configuration works properly at operational temperatures from 25 to 45 °C.  
The manufacturing and installation of the type of dampers is too expensive for serial production. Some 
work is still needed to integrate the damper construction as a part of the CBF structure. But what other 
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simple noise control measure is capable of producing even up to 10 dB IL to this type of rather thick and 
massive steel structure? 
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